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ABSTRACT                        Aflatoxins are decaketide-derived secondary metabolites which are produced by 
a complex biosynthetic pathway. Aflatoxins are among the economically most important myco-
toxins. Aflatoxin B1 exhibits hepatocarcinogenic and hepatotoxic properties, and is frequently 
referred to as the most potent naturally occurring carcinogen. Acute aflatoxicosis epidemics 
occurred in several parts of Asia and Africa leading to deaths of several hundred people. Recent 
data indicate that aflatoxins are produced by 20 species assigned to three sections of the genus 
Aspergillus: sections Flavi, Nidulantes and Ochraceorosei. The economically most important 
producer is A. flavus and its relatives. Compounds with related structures include sterigma-
tocystin, an intermediate of aflatoxin biosynthesis produced by several Aspergilli and species 
assigned to other genera, and dothistromin produced by a range of non-Aspergillus species. 
Aflatoxin producers and consequently aflatoxin contamination occur frequently in various food 
products mainly in tropical and subtropical areas of the world. However, climate change led to 
the occurrence of aflatoxin producing species, especially A. flavus in areas where they were not 
prevalent previously. Molecular genetic and genomic studies led to the clarification of aflatoxin 
and sterigmatocystin biosynthetic pathways in a range of producing organisms, and provided 
insight into the metabolism and effect of aflatoxins. In this review, we wish to give an overview 
on recent progress of aflatoxin research including producing organisms, occurrence, biosynthesis 
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Figure 1. Structures of the most important aflatoxins and their structural relatives.
ć
Occurrence of aflatoxin producing fungi and 
aflatoxins in various habitats
Figure 2. Phylogenetic tree of aflatoxin producing fungi based on partial calmodulin sequence data.




A. arachidicola Argentina, Brazil Aflatoxins B1, 
B2 & G1, G2
kojic acid, aspergillic acid Pildain et al. 2008, Calderari et 
al. 2013
A. bombycis Japan, Indonesia, Brazil Aflatoxins B1, 
B2 & G1, G2
kojic acid, aspergillic acid Peterson et al. 2001, Calderari et 
al. 2013, Okano et al. 2012
A. flavus Worldwide Aflatoxins B1 
& B2
cyclopiazonic acid, kojic acid, 
aspergillic acid
Varga et al. 2009
A. minisclerotigenes Argentina, USA, Austra-
lia, Nigeria, Portugal, 
Benin, Argentina, Mo-
rocco, Algeria,  (Kenya?)
Aflatoxins B1, 
B2 & G1, G2
cyclopiazonic acid, kojic acid, 
aspergillic acid
Pildain et al. 2008, Soares et al. 
2012, Moore et al. 2013, Guezla-
ne-Tebibel et al. 2012, El Mahgubi 
et al. 2013, (Probst et al. 2012)
A. nomius USA, Japan, Thailand, 
India, Brazil, Hungary, 
Serbia
Aflatoxins B1, 
B2 & G1, G2
kojic acid, aspergillic acid, tenu-
azonic acid
Kurtzman et al. 1987, Olsen et 
al. 2008, Manikandan et al. 2009, 
Calderari et al. 2013, Okano et al. 
2012, unpublished observations
A. novoparasiticus Colombia, Brazil Aflatoxins B1, 
B2 & G1, G2
kojic acid Gonçalves et al. 2012
A. parasiticus USA, Japan, Australia, 




B2 & G1, G2
kojic acid, aspergillic acid Varga et al. 2009, Soares et al. 
2012, Baquião et al. 2013, unpub-
lished observations
A. parvisclerotigenus Nigeria Aflatoxins B1, 
B2 & G1, G2
cyclopiazonic acid, kojic acid Geiser et al. 2000, Frisvad et al. 
2005
A. pseudocaelatus Argentina Aflatoxins B1, 
B2 & G1, G2
cyclopiazonic acid, kojic acid Varga et al. 2011
A. pseudonomius USA Aflatoxin B1 kojic acid Varga et al. 2011
A. pseudotamarii Japan, Argentina, Bra-
zil, India
Aflatoxin B1, B2 
& G1, G2
cyclopiazonic acid, kojic acid Ito et al. 2001, Baranyi et al. 2013, 
Calderari et al. 2013, Massi et al. 
submitted
A. togoensis Central Africa Aflatoxin B1 sterigmatocystin Wicklow et al. 1989, Rank et al. 
2011
A. transmontanensis Portugal Aflatoxins B1, 
B2 & G1, G2
aspergillic acid Soares et al. 2012
A. mottae Portugal Aflatoxins B1, 
B2 & G1, G2
cyclopiazonic acid, aspergillic acid Soares et al. 2012
A. sergii Portugal Aflatoxins B1, 
B2 & G1, G2
cyclopiazonic acid, aspergillic acid Soares et al. 2012
Aspergillus section Ochraceorosei
A. ochraceoroseus Ivory Coast Aflatoxins B1 
& B2
sterigmatocystin Frisvad et al. 1999
A. rambellii Ivory Coast Aflatoxins B1 
& B2
sterigmatocystin Frisvad et al. 2005
Aspergillus section Nidulantes
A. astellatus (=Emericella 
astellata)
Ecuador Aflatoxin B1
sterigmatocystin, terrein Frisvad et al. 2004
A. olivicola (=Emericella 
olivicola)
Italy Aflatoxin B1




sterigmatocystin, terrein Frisvad and Samson 2004





Table 2. Genes taking part in aflatoxin biosynthesis.
Gene (synonym) Enzyme or product Step in aflatoxin biosynthesis pathway
aflA (fas-2) Fatty acid synthase malonyl-CoA  condensed polyketide noranthrone
aflB (fas-1) Fatty acid synthase malonyl-CoA  condensed polyketide noranthrone
aflC (pksA) Polyketide synthase malonyl-CoA  condensed polyketide noranthrone
hypC Anthrone oxidase noranthrone  norsolonic acid
aflD (nor-1) Reductase norsolonic acid (NOR)  averantin (AVN)
aflE (norA) NOR-reductase norsolonic acid (NOR)  averantin (AVN)
aflF (norB) Dehydrogenase norsolonic acid (NOR)  averantin (AVN)
aflG (avnA) Cytochrome P450 monooxigenase averantin (AVN)  hydroxyaverantin (HAVN)
aflH (adhA) Alcohol dehydrogenase hydroxyaverantin (HAVN) averufin (AVR)
aflI (avfA) Averufin monooxygenase averufin (AVR)  versiconal hemiacetal aceteate (VHA)
aflJ (estA) Cytosole esterase enzyme versiconal hemiacetal aceteate (VHA)  versiconal (VAL)
aflK vbs Versicolorine B synthase versiconal (VAL)  versicolorin B
aflL verB Cytochrome P450 monooxigenase/ desaturase versicolorin B  versicolorin A,
versicolorin B demethyldihydrosterigmatocystin (DMDHST)
aflM ver-1 Ketoreductase enzyme versicolorin A  demethylsterigmatocystin (DMST)
aflN verA Cytochrome P450 monooxigenase versicolorin A  demethylsterigmatocystin (DMST)




demethylsterigmatocystin (DMST)  sterigmatocystin (ST)
dihydrodemethylsterigmatocystin (DHDMST)  dihydrosterigma-
tocystin (DHST)
aflP omtA O-methyltransferase II/
O-methyltransferase A
sterigmatocystin (ST)  O-methylsterigmatocystin (OMST)
dihydrosterigmatocystin (DHST)  dihydro-O-methylsterigmatocys-
tin (DHOMST)
aflQ ordA Monooxygenase O-methylsterigmatocystin (OMST)  aflatoxin B1 and G1
dihydro-O-methylsterigmatocystin (DHOMST)  aflatoxin B2 and G2
aflR aflR Transcription activator Pathway regulator
aflS aflJ Transcription enhancer Pathway regulator
aflT aflT ABC transporter protein Unassigned
aflU cypA Cytochrome P450 monooxigenase Unassigned
aflV cypX Cytochrome P450 monooxigenase Unassigned
aflW moxY Monooxygenase Unassigned
aflX ordB Monooxygenase Unassigned
aflY hypA Hypothetical protein Unassigned
Aflatoxin biosynthesis
Figure 3. Aspergillus flavus. a. Occurrence of A. flavus on a maize cob. b. Colonies of A. flavus growing on malt extract agar from wheat grain. 
c-d. A. flavus conidial heads.
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